Background: Phosphodiesterase inhibitor was appearing as a magic tool in treatment of erectile dysfunction, however, it might lead to harmful effects in high dose and long term administration. The aim of the work: This study aimed to evaluate the toxic effect of sildenafil citrate on the histological structure of the testis of adult albino ratsand the possible protective role of royal jelly. Materials and methods: Thirty five adult male albino rats were divided into 3 groups; the control group divided into (subgroup Ca, Cb and Cc), experimental group divided into (subgroup Ea and Eb) and treated group divided into (subgroup Ta and Tb). In the experimental group sildenafil citrate was given at a dose of 9 mg/kg in subgroup Ea and 13.5mg/kg in subgroup Eb orally daily for 30 days. In the treated group rats were treated by royal jelly at a dose of 100 mg/kg for 30 days orally after stoppage of sildenafil citrate. In the present study, the sperm count, histological and immunohistochemical studies were evaluated. Result : Daily oral administration of sildenafil citrate (9mg/kg and13.5 mg/kg ) for 30 day had reduced the sperm count and induced apparent degeneration with detached, distorted germ cell and congested blood vessels with significant decrease in Proliferating cell nuclear antigen Labeling Index (PCNA-LI). After royal jelly administration, there was an improvement in sperm count and histopathological changes induced by sildenafil citrate with a significant increase in PCNA -LI. Conclusion: Long-term daily use of Sildenafil citrate produced histological changes in the testis and reduced the spermatogenesis with a significant decrease in sperm count and these side effects can be prevented by using royal jelly.
INTRODUCTION
Erectile dysfunction (ED) is the inability to get a sufficient erection; it affects one in each ten men. ED results from vascular or neurogenic abnormalities, psychogenic, drug induced and hormonal disorders [1] .
Sildenafil was synthesized at first for treatment of hypertension and angina pectoris but it was approved to induce marked penile erection.
The drug has been found to be effective in men with mild to moderate ED without any organic cause [2] .
Sildenafil protects cyclic guanosine monophosphate (cGMP) from degradation by cGMP-specific phosphodiesterase type 5 (PDE5) in the corpus cavernosum. The increased levels of cGMP leads to smooth muscle relaxation, vasodilation and increased inflow of blood into the spongy tissue of the penis, causing erection [3] .
The molecular structure of sildenafil is similar to that of cGMP and acts as a competitive binding agent of PDE5 in the corpus cavernosum, resulting in more cGMP and better erections [4] .
Previous studies had concluded that Sildenafil induced tubular and interstitial histological alterations of the seminiferous tubules and tubular degeneration, which finally might lead to an arrest of spermatogenesis [5] .
Royal jelly is secreted from the glands in the heads of worker bees and is fed to all bee larvae [6] . Royal jelly is composed of 67% water, 12.5% protein, and 11% simple sugars and (5%) fatty acids. The main acid is the 10-hydroxy-2-decenoic acid (10-HDA). It also contains many trace minerals, some enzymes, antibacterial and antibiotic components, pantothenic acid (vitamin B 5 ), pyridoxine (vitamin B6) and trace amounts of vitamin C [7] .
Royal jelly has been used in medicine as antimicrobial, antitumor, antihypertensive, and as an immune regulator [8] . Many researches on royal jelly has been done and found that royal jelly improves male fertility as it has a protective effect on sperm count, sperm motility, viability, maturity and testosterone levels in mice [9] .
This research aimed to evaluate the toxic effect of sildenafil citrate on adult albino rat testis and the possible protective role of royal jelly.
MATERIALS AND METHODS

Animals
In the present study, thirty five adult male albino rats obtained from the animal house, Moshtohor Faculty of Veterinary Medicine, Benha University; were used with an average weight of (200 -250 g). Rats were housed individually in clean cages of well aerated environment, given a normal daily diet and maintained at 12/12 hour light/dark cycle. All the ethical protocols for animal treatment were followed and supervised by the animal house facility.
Drugs
Sildenafil citrate was obtained as 100mg tablet produced by Pfizer, Egypt (Viagra). The tablets were crushed and dissolved in distilled water for oral administration. The dose was selected equivalent to the daily dose for treating ED, The dose was calculated according to Paget and Barnes [10] , where the human daily dose was multiplied by the rat conversion factor (0.018), and then the result multiplied by 5 to calculate the dose/ Kg of rat Humans dose x 0.018 = X mg/200g of rat.
X mg x 5 = Y mg / kg.
In this study we used 9 mg/kg of rat equivalent to 100 mg per day for adult human dose a high dose of sildenafil citrate [11] and 13.5 mg/kg of rat equivalent to 150 mg per day for adult human dose an over dose of sildenafil citrate [12] .
Royal jelly was obtained as 1000 mg tablet soft gelatin capsules produced by pharco pharmaceuticals, Alexandria, Egypt. The capsules were dissolved in corn oil for oral administration. Rats were administered 100 mg/kg royal jelly [13] .
Experimental design
Thirty five adult male albino rats were divided into three groups as follow:
Control group: Fifteen rats were divided into 3 subgroups:
Subgroup Ca: It included five rats. They received only distilled water daily for 30 days.
Subgroup Cb: It included five rats which received 100 mg/kg royal jelly daily for 30 days orally.
Subgroup Cc: It included five rats. They received only corn oil daily for 30 days orally.
Experimental group: Ten rats were divided into 2 subgroups:
Subgroup Ea: It included five rats which received 9 mg/ kg sildenafil citrate dissolved in distilled water daily for 30 days, through orogastric feeding tube (equivalent to 100 mg adult human dose).
Subgroup Eb:-It included five rats which received 13.5 mg/kg sildenafil citrate dissolved in distilled water daily for 30 days, through orogastric feeding tube (equivalent to 150 mg adult human dose).
Treated group: Ten rats were divided in to 2 subgroups: Subgroup Ta:-It included five rats which received 9 mg/kg sildenafil citrate orally daily for 30 days, then the rats were given 100 mg/kg royal jelly daily for another 30 days orally after stoppage of Sildenafil citrate.
Subgroup Tb:-It included five rats which received 13.5 mg/kg sildenafil citrate orally daily for 30 days, then the rats were given 100 mg/kg royal jelly daily for another 30 days orally after stoppage of Sildenafil citrate.
At the end of experiment, all rats were living. They were anaesthetized with inhalation of diethyl ether. Midline chest incision was performed, incision was taken on the scrotum of each rat, the testis and epididymis were carefully exposed and removed and then the sperms collected from the epididymis. The testis was fixed in 10% neutral buffered formalin. After fixation, specimens had been processed for paraffin embedding. The testis had been sectioned at a thickness of 5-7 microns for histological staining.
1-Sperm count
The epididymis along with a part of the vas deference was carefully separated from the testes. The cauda was then gently dissected with a scalpel blade to allow sperms to emerge from the cauda epididymis which was then dipped into a plastic petri dish (35 mm) containing pre warmed incubation medium (saline). Sperms released into the medium and were incubated for approximately 3 min and then the collected samples were diluted with water in a ratio 1: 20 in order to dilute them. 10 micron of it was taken by micropipette and put on hemocytometer slide for counting the sperms under ×400 magnifications [14] by light microscope. Under the microscope, sperms heads were counted in the 5 large squares, and then multiply that value by 5 to obtain the number of sperms per a central counting area. The average number of sperms was multiplied by 10.000 to obtain the number of sperm per ml of diluted sample. The number of sperms per ml in the original sample was obtained by multiplying the previous count in the dilution factor
The following equation was used to get the concentration of the original sperm sample in the term of numbers/ ml. Concentration / ml = (dilution factor)(count in 5 squares) (0.05 x 10 6 ) [15] .
2-Histopathological Examination
Examination of the testis tissue sections, stained by Hematoxylin and Eosin (H&E) was carried out to evaluate the histological architectural changes in the testis tissues.
3-Immunohistochemical Examination
Proliferating cell nuclear antigen (PCNA) is an intranuclear polypeptide that is involved in DNA replication, repair and excision. Its expression and synthesis is linked to cell proliferation [16] . Since spermatogenesisis a complex cell cycle of rapidly proliferating cells ending with liberation of sperms, PCNA was used in this study to quantitatively analyze spermatogenesis. Immunohistochemical staining was carried out using primary antiserum to PCNA (Clone PC 10, DAKO A/S Denmark). The primary antibody was diluted in Trisbufferd saline with a dilution of 1:50, as determined by the data sheet. The sections were incubated with the primary antibody overnight at + 4°C. Enough Biotinylated secondary antibodies were applied to cover specimen then the binding of the primary antibody was observed using a commercial avidinbiotin-peroxidase detection system recommended by the manufacturer (DAKO, Carpenteria, USA). A mouse monoclonal antibody was applied in place of the primary antibody to act as a negative control. Sections from the small intestine were used as a positive control. Then the slides were stained with diaminobenzene (DAB) as the chromogen and counter stained with hematoxylin then slide dehydrated in 95% ethanol, cleared in xylene then cover slips were mounted using two drop of DPX mounting medium [17] . [18] Slides were examined under the light microscope with a magnification of X 200, and then sections were examined for PCNA immunostaining. Microscopic fields were chosen randomly. Five fields per slide and five slides per animal were evaluated. Only the basal germ cells of these seminiferous tubules were counted, because they are the cells where active DNA synthesis took place. The PCNA-LI for each somniferous tubule was estimated as a percentage of immuno-labeled cells to all basal cells. For each specimen, the mean + SD was calculated, then, the total PCNA-LI for all groups was estimated accordingly.
PCNA-Labeling Index (PCNA-LI)
Statistical Analysis
Statistical analysis of the obtained data was performed using ANOVA test. Pvalues<0.05 were considered significant.
RESULTS
Sperm count
In control group the results revealed that the sperm count was significantly higher (p<0.05) in Cb subgroup which received 100 mg/kg royal jelly daily for 30 days orally as compared to the sperm count in Ca and Cc subgroups. The effect of long term administration of sildenafil citrate (9 mg and 13.5 mg) in adult male rats caused a significant reduction in sperm count as compared to that of control group. In the experimental group the results revealed that the sperm count was significantly lower (p<0.05) in subgroup Eb as compared to the sperm count in subgroup Ea, this result was a dose dependent, higher dose of sildenafil causes more reduction in the sperm count. In the treated group the results revealed that the sperm count was significantly higher (p<0.05) after administration of royal jelly as compared to the sperm count in the experimental group (Table 1) .
Histological Results
Control group
Histological examination of testicular sections from the control subgroups were comparable and showed that the seminiferous tubules appeared with regular outlines and were lined by layers of germinal epithelium at different stages of spermatogenesis. The lining epithelium consisted of germinal cells and sertoli cells. The germinal epithelium consisted of spermatogonia cells lying on a basement membrane, large rounded 1ry spermatocytes and spermatids recognized by their darkly stained rounded nuclei and its position towards the lumen, while spermatozoa appeared elongated in shape with pointed end. The flagella of mature sperms were seen filling the lumens of the seminiferous tubules. The interstitial spaces in between the tubules contained Leydig cells. Histological profile of testis in subgroup Cb that received 100 mg/kg royal jelly daily for 30 days orally as compared to that of Ca and Cc subgroups ( Figure 1 ).
Experimental group
Histological examination of the testicular sections from subgroup (Ea) revealed that the testicular tissues were partially affected. Affected seminiferous tubules appeared with irregular outlines surrounded by apparent thin basement membrane and showed disorganized germinal epithelium with detached distorted shrunken germ cells with pale nuclei. There were empty spaces in between germ cells and decrease sperm flagella in the lumens of seminiferous tubules. There were congested blood vessels between the tubules (Figure 2 ). In subgroup (Eb) the testicular tissues were totally affected in which most of seminiferous tubules appeared depleted of most of spermatogenic cells as there were large empty spaces in between germ cells that appeared detached and shrunken with pyknotic nuclei. The basement membrane was thin and irregular with few sperm flagella in the lumens of tubules ( Figure 3 ).
Treated group
Histological examination of the testicular sections from subgroup (Ta) revealed a total improvement in which seminiferous tubules with their germinal epithelium appeared to be comparable to those of the control group with increase sperm flagella in the lumens of seminiferous tubules as compared to that of subgroup (Ea) (Figure 4 ). While subgroup (Tb) revealed a partial improvement in which some seminiferous tubules appeared with intact germinal epithelium and sperm flagella in their lumens as compared to that of subgroup (Eb). However, there were some seminiferous tubules showing germ cells with pale nuclei and few sperm flagella ( Figure 5 ).
Immunohistological results
Immunohistological examination of the testicular tissues had detected spermatogenic cells labeled in the sections. It included spermatogonia and primary spermatocytes. The control group revealed positive immunostaining (brown nuclear reaction) in most of the germ cells in the seminiferous tubules. The experimental group revealed few immune positive germ cells in the seminiferous tubules in subgroup (Ea) and less in the subgroup (Eb). The treated group revealed some immune positive germ cells in the seminiferous tubules of the subgroup (Ta) which were more than in subgroup (Tb) ( Figures. 6,7,8 ,9 and 10 ).
PCNA-LI Results
In control group the PCNA-LI value revealed that subgroup Cb had a value 85±1.4which was higher than the values of subgroups (Ca and Cc) that were (78.6±1.3 and 76±9.2 respectively). In experimental group the PCNA-LI value revealed that the values were significantly lower in subgroups Ea and Eb (31.4±1.4 and14.3±0.7 respectively) than those of the control subgroups. In the treated group the PCNA-LI value revealed that the values were significantly higher in subgroup Ta and Tb (63.9±1.1 and 51.3±1.1 respectively) as compared to that of the experimental subgroups. However, they were still significantly lower as compared to that of the control subgroups ( Table 2 ). 
DISCUSSION
The side effects of sildenafil citrate are mostly mild to moderate. But, with higher doses and long term administration of the sildenafil citrate the side effect become severe [19] .
This study aimed to investigate the effect of different doses of sildenafil citrate with long term administration on sperm count and testicular tissue of male adult rats and the therapeutic potential protective role of royal jelly.
In the present study the control subgroup Cb that received 100 mg/kg royal jelly daily for 30 days orally showed that the sperm count was significantly higher (p<0.05) as compared to the sperm count in Ca and Cc subgroups. This indicated the role of royal jelly in improving the sperm count in normal rats. This was in agreement with [20] they found that the use of royal jelly was very effective for increasing the sperm count and motility.
Also [21] reported that royal jelly increases sperm count, testosterone hormone level, and the percentage of living sperm. [22] concluded that royal jelly improves rabbits' fertility and physiological status that was reflected in better liver and kidney functions.
In this study long term administration of sildenafil citrate (9 mg and 13.5 mg) in adult male rats caused a significant reduction in sperm count as compared to that of control group. In experimental group the results revealed that the sperm count was significantly lower (p<0.05) in subgroup Eb as compared to the sperm count in Ea subgroup, this result was a dose dependent, higher dose of sildenafil causes more reduction in the sperm count. This was in agreement with [23] they studied that long term administration of sildenafil was associated with a significant decrease in total sperm count. Also in [24] results showed that prolonged sildenafil citrate exposure lead to decrease in sperm motility, adenosine triphosphate (ATP) content, energy charge, and mitochondrial-generated superoxide. On the other hand, [25] comparing effect of sildenafil with tadalafil in young infertile men they found that there was a significant increase in sperm motility after sildenafil administration but there was a significant decrease in the value after tadalafil. And [26] noticed that 100-mg sildenafil citrate in diabetic patients with or without neuropathy causes increase semen volume and sperm motility.
In this study administration of royal jelly after stoppage of sildenafil citrate revealed that the sperm count was significantly higher (p<0.05) as compared to the sperm count in the experimental subgroups (Ea and Eb). This indicated the role of royal jelly in improving the sperm count after testicular injury. Mean while studies on diabetic cases by [13] indicated that royal jelly administration attenuated diabetes-related testicular dysfunction and histopathological changes.
In the present study rat testicular sections from the experimental subgroup (Ea) which received 9mg/kg of sildenafil for a long time revealed that the testicular tissues were partially affected. Affected seminiferous tubules appeared with irregular outlines surrounded by apparent thin basement membrane and showed disorganized germinal epithelium with detached distorted shrunken germ cell with pale nuclei. There were empty spaces in between germ cells and decrease sperm flagella in the lumens of tubules. There were congested blood vessels between the tubules. These findings were proved by PCNA-LI value that was significantly lower in subgroup Ea (31.4±1.4) than those of the control subgroups. [27] Documented that administration of sildenafil caused degeneration of seminiferous tubules with thin basement membrane and the interstitial tissue showed degenerated Leydig cells and congested blood vessels. On the contrary to the present study [28] noticed non-remarkable improvement in testicular and epididymal tissues in normoglycaemic rats after treatment with sildenafil in a dose dependent manner, while there was mild improvement in hyperglycaemic rats.
In this study the rat testicular sections from experimental subgroup (Eb), which received 13.5mg/kg of sildenafil for a long time, showed that almost total affection of testicular tissue was apparent as compared to that of subgroup (Ea). In subgroup (Eb) the testicular tissues showed that most of the seminiferous tubules appeared depleted of most of the spermatogenic cells as there were large empty spaces in between germ cells that appeared detached and shrunken with pyknotic nuclei. The basement membrane was thin and irregular with few sperm flagella in the lumens of tubules. These findings were proved by PCNA-LI value that was significantly lower in subgroup (Eb) (14.3±0.7) as compared to that of the control subgroups.
This could be explained by [29] who reported that with increasing the dose of sildenafil citrate there were decrease of both spermatogenesis and spermiogenesis. Also [30] reported that sildenafil provoked alterations in the epididymal epithelial lining in adult male rabbits, with partial arresting spermatogenesis and impairing the spermatic cells differentiation and maturation. Correspondingly [31] studied chronic use of high doses of Phosphodiesterase-5 Inhibitors including (sildenafil and tadalafil) and Tramadol or sildenafil+ tramadol combination at high doses, they reported that high doses of sildenafil, tadalafil, tramadol or sildenafil+ tramadol caused significant degenerative changes in rat testis and epididymis, which negatively affects sperm characteristics with poor reversal following withdrawal of treatment.
Royal jelly has a protective effects on different tissues, in which they have anti-inflammatory, antioxidant, antihypercholesterolemia and hypoglycemic properties [32] . Moreover, royal jelly contained major proteins that were responsible for antioxidant activity [33] .
In the present work the rat's testicular sections from subgroup (Ta) revealed almost total improvement in germinal epithelium, with appearance of seminiferous tubules comparable to those of the control group with increase in sperm flagella in the lumens of the seminiferous tubules as compared to that of subgroup (Ea).Subgroup (Tb) showed a partial improvement in which some seminiferous tubules appeared with intact germinal epithelium and sperm flagella in their lumens as compared to that of subgroup (Eb). However, there were some seminiferous tubules showing germ cells with pale nuclei and few sperm flagella. These findings were proved by PCNA-LI values which revealed a significant increase in the PCNA-LI values of subgroups Ta and Tb (63.9±1.1 and51.3±1.1 respectively) as compared to that of the experimental subgroups.
This result was agreed by [34] in which it showed that oral administration of royal jelly at any level could be used beneficially to have earlier puberty age, improve semen quality and fertility of male rabbits. [35] Concluded that supplementation of RJ in freezing extender can improve the cryosurvival rate and in vitro fertilizing capacity of buffalo bull sperm.
Moreover [36] reported that daily administration of royal jelly caused a significant increase in sperm count, maturation, motility, and plasma testosterone levels. Moreover, it caused decreased DNA damage percentage which could be due to the fact that royal jelly mainly includes proteins, sugars, lipids, vitamins, and free amino acids. Also they concluded that RJ may be used in combination with Oxymetholone a synthetic androgen used for improve athletic ability and muscle mass. As RJ improves Oxymetholone induced oxidative stress and male infertility. Also [37] added that royal jelly reduces reproductive toxicity of nicotine in mice by improving the testicular structure and sperm parameters.
CONCLUSION
Based on the results of the present study, it can be concluded thatlong-term daily use of sildenafil citrate produced histological changes in the testis and reduced the spermatogenesis with a significant decrease in sperm count and these side effects can be prevented partially or totally according to the dose of sildenafil citrate used by using royal jelly.
